The photosynthetic responses of four alfalfa (Medicago sadva L.) cultivars to 10 and 22 C air temperatures were examined and the relationship between the photosynthetic response at 10 C and the fatty acid composition of the chloroplast membranes was determined. Chilling-resistant cultivars exhibited moderate reductions in photosynthesis at 10 C, compared to 22 C, and contained a significantly greater percentage of polyunsaturated fatty acids in the chloroplast membrane and a greater double bond index than the chilling-sensitive cultivars. The chiiUng-sensitive cultivars exhibited severe reductions in photosyntbesis at 10 C, compared to 22 C. The reduction in pbotosynthesis at 10 C is shown to be negatively correlated (r --0.94) with the double bond index of the chloroplast membranes of the cultivars observed.
The results support the hypothesis that reduced photosynthesis due to chiling temperatures is influenced by the unsaturated fatty acid composition of the chloroplast membrane which affect temperature-induced phase changes in chloroplast membrane lipids.
The inability of chilling-sensitive plants to maintain physiological activity at chilling temperatures has been correlated with a marked increase in the activation energy of respiratory enzymes (5, 10) and a marked increase in the activation energy of photoreduction of NADP+ (7, 1 1). The observed increase in activation energy of these systems is related to temperature-induced phase changes in the lipids of the respective membranes (9) (10) (11) . This phase change has been detected by a change in the mobility of spin labels and occurs at precisely the same temperature as the change in activation energy (8, 9) . No change in activation energy was detected in respiratory enzymes (5, 10) or NADP+ photoreduction (8, 11) of chilling-resistant plants, nor was a phase change in the lipids detected by spin labeling (8, 9) . The ability of resistant plants to withstand chilling temperatures is correlated with a more flexible state of the membrane at these temperatures. This difference in the physical properties of membrane lipids from chilling-sensitive and chilling-resistant plants can also be correlated with the relative proportion of saturated and unsaturated fatty acids on the membrane lipids (2, 4, 6 Chloroplast Extraction. Chloroplasts were isolated from depetiolated leaves of each plant, three replications, in extraction buffer (0.4 M sucrose, 0.05 M Tricine, 0.01 M NaCl, pH 7.8) (1). The leaves were homogenized in a VirTis "23" homogenizer for 10 sec at maximum speed and 30 sec at 0.5-speed in 40 ml of extraction buffer. The suspension was filtered through four layers of cheesecloth and the filtrate centrifuged for 90 sec at 500g. The pellet was discarded and the supernatant recentrifuged for 7 min at 1,000g. The resulting pellet was resuspended in 20 ml of extraction buffer, centrifuged for 90 sec at 500g, and the pellet discarded. The supernatant was recentrifuged for 10 min at 2,000g and the resulting pellet dissolved in 25 ml of methanol and 5 ml of methylene chloride. This solution was directly analyzed for fatty acid composition. The chloroplast pellet was found to contain 90%o intact chloroplasts, as judged by light microscopy.
Chloroplast Fatty Acid Assay. Methyl esters were prepared by direct micromethanolysis using boron trichloride gas (3 provided by eight 150-w floodlamps which supplied a photosynthetic photon flux density of 850 ttE/m2 sec (400-700 nm) at plant height. The plants were placed in the chamber and photosynthetic CO2 exchange measurements were taken at 22 and 10 C. During all measurements, the roots were maintained at 22 C. Each measurement required 45 min for CO2 and temperature equilibration. Photosynthetic CO2 exchange measurements at each temperature were replicated four times/cultivar. Table I shows the response of the four alfalfa cultivars to 10 C and 22 C air temperatures. The reduction in photosynthetic CO2 exchange at 10 C by Kane and Vernal was less than the reduction exhibited by Moapa and Mesa-Sirsa. Moapa and Mesa-Sirsa are adapted to hot environments and are chilling-sensitive alfalfa cultivars. The chilling-resistant cultivars, Kane and Vernal, exhibited only moderate reductions in photosynthetic CO2 exchange at 10 C, the former being less affected.
RESULTS AND DISCUSSION
The fatty acid composition of chloroplast membranes of the four alfalfa cultivars is shown in Table II The relationship between the double bond index of the chloroplast membranes and the per cent reduction in photosynthetic CO2 exchange at 10 C is shown in Figure 1 . The double bond index and chilling-induced reductions in photosynthetic CO2 exchange were negatively correlated (r = -0.94) for the four alfalfa cultivars observed. Mitochondrial membrane fatty acid data also indicated that mitochondria isolated from chilling-resistant plant tissue have a greater degree of unsaturated fatty acids, as indicated by the double bond index, then mitochondria from chilling-sensitive tissue (6) .
The results presented in this paper show that the physical nature of the chloroplast membranes of chilling-sensitive and chilling-resistant cultivars of alfalfa did differ. The greatest degree of unsaturation of the membrane fatty acids was found in chloroplasts from chilling-resistant cultivars, and the lowest values were found in chilling-sensitive cultivars. The degree of unsaturated fatty acids in the chloroplast membranes of alfalfa cultivars, represented by the double bond index, was negatively correlated with the reduction in photosynthetic CO2 exchange at 10 C, compared to 22 C. These results agree with the hypothesis that the degree of unsaturation of membrane fatty acids influences the sensitivity of the membrane to chilling temperatures (2, 4, 6). These data also indicate that cultivars within a species vary as to the fatty acid composition of chloroplast membranes, and this may be related to the chilling response of the cultivar. Breeding for a higher degree of unsaturated fatty acids (higher double bond index) within a species may increase the resistance of a cultivar to chilling injury.
